A variety of factors which might affect zone sizes were studied with strains of Corynebacterium diphtheriae; a standard disc method for antimicrobial sensitivity testing was used. Moderate variations in inoculum size, inoculum preparation, and pH of Mueller Hinton agar (MHA) did not appreciably affect zone sizes. The addition of blood to MHA was necessary to insure the growth of all C. diphtheriae strains on all lots of MHA. Zone diameters on MHA with blood were consistently 4 to 9 mm smaller than on plain MHA; however, zone diameters were within the sensitive range for seven antibiotic discs used on both media. Minimal inhibitory concentration (MIC) values for penicillin, erythromycin, and rifampin were determined by a plate dilution method. The geographical source, toxigenicity, and type of the strains showed no significant correlation with MIC values or zone diameters for eight antibiotic discs. When MIC values were compared to obtainable blood levels, all of the strains appeared to be sensitive with MIC values of < 0.5 ug/ml for penicillin and < 0.01 ,ug/ml for erythromycin and rifampin. Strains from persons who failed to have C. diphtheriae eliminated by one course of treatment with penicillin or erythromycin were examined. The susceptibility of these strains did not vary significantly from that of the other strains studied.
From 1965 to 1969 the largest number of diphtheria cases reported in one year was 260 and that was in 1968 (21) . Four-hundred and thirty cases were reported during 1970 (22) . A large number of these cases were connected with outbreaks in various areas of the country. When outbreaks occur, efforts are made to insure the adequate immunization of the endangered population by prophylatic treatment with diphtheria toxoid (12, 20, 29) . When carriers of Corynebacterium diphtheriae are detected, antimicrobiaLs are usually given in an effort to eliminate the spread of the organism. Although antimicrobials have been reported to have little or no effect on the clinical course of the diphtheritic disease (4, 13, 24) , antimicrobial therapy is usually recommended for a case to eliminate the carrier state and control secondary or associated infection.
The antimicrobials of choice most often mentioned for elimination of the carrier state are penicillin and erythromycin (3, 4, 7, 13, 23, 24) . In vitro studies of the susceptibility of C. diphtheriae strains to these antimicrobials were performed by several groups. Florey (8) in 1952 and Welch (26) in 1959 reviewed these reports and found the minimal inhibitory concentration (MIC) values of penicillin to vary from 0.004 to 640 units/ml. Welch (25) also reviewed the reported MIC values for erythromycin which ranged from 0.003 to 3.12 ,ug/ml.
Failures to eliminate C. diphtheriae from cases and carriers treated with penicillin have been reported during the 1950's (8, 9, 11) and more recently by Zalma et al. (29) . Erythromycin proved effective in the treatment of both cases of C. diphtheriae and carriers of C. diphtheriae (9, 11, 29) and has been especially useful when a course of penicillin treatment was ineffective (9, 11, 28, 29) . Rifamycin SV was successfully used with 13 cases and seven carriers (19) . Preliminary data in this laboratory showed C. diphtheriae strains to be extremely sensitive in vitro to rifampin, a derivative of rifamycin SV. Rifampin has been reported to be found in significant levels in saliva after oral treatment (5) .
It is the purpose of this study to examine the antibiotic susceptibility patterns of C. diphtheriae strains to penicillin, erythromycin, and rifampin and to determine whether or not there are significant differences among these sensitivity patterns. Emphasis was placed on those strains isolated from cases or carriers associated with outbreaks during the last 2 years.
MIC values were determined with these three antibiotics, and these values were compared to inhibition zones around discs containing these antibiotics. Five additional antibiotics were included in the disc procedure only.
The disc-sensitivity-testing method of Bauer et al. (2) The method for disc-sensitivity studies was that described by Bauer et al. (2), with one exception. The inoculum was prepared by emulsifying the growth from an 18-hr TSA slant in TSB.
Antimicrobial agents. Penicillin dilutions were made from potassium penicillin containing 1,600 units/mg. Erythromycin dilutions were prepared from erythromycin ethyl succinate. Dilutions of both these antimicrobials were prepared in sterile distilled water. Rifampin (Mann Research Laboratories) was dissolved in N,N-dimethylformamide (27) and diluted with sterile distilled water. The discs employed were 10-unit penicillin (P), 15-,ug erythromycin (E), 30-,Ag rifampin (R), 5-,ug methicillin (Dp), 30-Mg kanamycin (K), 10-,ug streptomycin (S), 30-jug chloramphenicol (C), and 30-,ug tetracycline (Te); all were from commercial sources.
RESULTS
MHA as recommended by Bauer et al. (2) was used in preliminary sensitivity testing of C. diphtheriae strains. Since most of the intermedius strains and 18% of the mitis strains failed to grow on this medium, Oxoid Sensitivity Test agar (STA), a medium recommended by the manufacturer for the growth of fastidious organisms, was evaluated. Although growth of intermedius strains was slightly enhanced on STA, 13% of the mitis strains still failed to grow.
To insure the growth of all C. diphtheriae strains, we added 5% sheep blood to MHA. No significant difference in zone diameters was observed when various lots of blood were compared. In Table 2 Fig. 3 . The zone sizes around 30-,ug rifampin discs ranged from 28 to 45 mm for MIC values of 0.001 to 0.01 ug/ml.
Zone sizes for the 136 strains of C. diphtheriae were: 10 to 25 mm around 5-,Ag methicillin discs, 20 to 38 mm around 30-,ug kanamycin discs, 15 to 28 mm around 10-j,g streptomycin discs, 23 to 43 mm around 30-,ug chloramphenicol discs, and 21 to 36 mm around 30-j,g tetracycline discs.
Nineteen strains were tested from 12 persons who were reported to be still carrying C. diphtheriae after one series of treatments with either penicillin or erythromycin. The MIC values and zone sizes for these strains were not different from results obtained with other strains.
When plain MHA supported growth of C. diphtheriae strains, MIC values and zone sizes were determined on both MHA alone and MHA with 5 % sheep blood. Erythromycin and rifampin MIC values for C. diphtheriae strains on both media were comparable. However, penicillin MIC values for the same strains were frequently one dilution higher on the blood containing MHA. There were no significant differences in MIC values with strains from all four C. diphtheriae types.
The rifampin solvent, N,N-dimethylformamide, was diluted to the concentrations used in the test, and no inhibition of growth was demonstrated for eight test strains of C. diphtheriae. DISCUSSION Bauer (1) and Petersdorf and Sherris (18) , in their work with rapidly growing organisms, found that zone sizes were not appreciably affected by 847 VOL. 21, 1971 on November 6, 2017 by guest http://aem.asm.org/ (7, 15) . This interpretation would be in agreement with the interpretation used in the disc method. We conclude that C. diphtheriae strains with zone diameters of >24 mm around a 10-unit 
